Purpose: To evaluate the automated 'H magnetic resonance spectroscopy (' H -MRS) method for a routine clinical use , various regions of the normal human brain were examined for regional variations , the reproducibility, and the quality control ofthe spectral data . Materials and Methods: localized ' H -MRS was performed in a GE 1.5T SIGNA MRI/MRS system using the automated method (PROton Brain Exam: PROBE). Six regions of the human brain from normal volunteers (N=25, age=23 -65) were examined: Occipital gray matter, parietal white matter, frontal white matter, pons, cerebellum , and basal ganglia regions. STEAM was used as the localization method with the f 이 lowing parameters: TE=30msec, TR=3.0sec, AVG=48 AVG , NEX= 2, Spectral Width (SW)=2500 Hz, Size (SI)=2048 points (2K ), and the size of voxel = 7 -9 m l. The reproducibility and the quality control of the spectral data were evaluated.
INTRODUCTION
Proton magnetic resonance spectroscopy ('H-MRS) has gained remarkable attention for clinical uses from many fields of medicine over last few years. It is a powerful technique for accessing metabolic information of a volume of interest (VOI) as a noninvasive tool of biochemical assay. It also provides additional diagnostic value to the magnetic resonance imaging (MRI) by presenting the metabolic information of the anatomically abnormal regions (1 -3) . Recent investigations have proved that clinical'H -MRS can be used as one of the important diagnostic tools for a number of diseases. Hypoxic encephalopathy , hepatic encephalopathy , metabolic disorders in infants , Alzeheimer disease , temporal lobe epilepsy , and hypernatremia are such examples (4 -9) .
Despite its usefulness , its practical use as a part of routine brain MR exam was limited due to the technical diffic 비 ty and impractical temporal resolution for the data acquisition. It suffered from the operator dependent spectral quality , a lack of reproducibil ity , and a prolonged time for the data acquisition. Therefore , clinical'H -MRS was used in a few research institutions for research , and also , run only by extensively trained professionals , which rendered its clinical utility to very limited occasions. However, recent development in 'H -MRS has made the data acquisition all automatic and improved the temporal resolution dramatically ( Examples 01 unacceptable spectra: a) due to the heavy eddy current, the resonance peaks are asymmetrically shaped (arrows). In this situation , it is dillicult t。 phase the spectrum and errors are introduced in integrating the areas 01 the peaks , 비 contamination Irom the outside 01 the VOI can be detected (arrows), c) the baseline is severely distorted , which introduces errors lor integrating the areas 01 the peaks , and d) inappropriate suppression 01 the water signal effects the intensities 01 the resonance peaks near the water signal at 4.8 ppm. In this case, the excess amount 01 the RF power lor the suppression was applied , and consequently , the myo-Inosit이 peak near the water peak (3.3-4.4ppm region , marked with *) was within the noise level
MATERIALS and METHODS

Subjects and Selected Regions
Normal volunteers (N=25 , age=23 -65) were employed for this study. Six regions were selected : occipital gray matter, parietal white matter , frontal white matter , pons , cerebellum , and basal ganglia. Each volunteer was examined for the 6 regions at the time of examination , and one volunteer was examined for 4 times over a period of 4 months for the reproducibility test. Clinically diagnosed patients of hepatic encephalopathy , brain tumor , and temporal lope epilepsy administered in Asan Medical Center were also examined , and their spectral results were compared with the published results (1). For the latter case, image guided localization was performed on any image acquired in the MRI series.
MR Spectroscopy
STEAM (Stimulated Echo Acquisition Method) (11 , 12) was primarily used as the localization method in this study , and PRESS (Point Resolved Spectroscopic Sequence) (13) was also occasionally used. Sizes of the voxels for STEAM and PRESS were 7 -9 ml and 1 -3 ml , respectively. Suppression of the water signal was performed by using 3-pulse CHESS sequence (14 ,
prescan menu (APS) for optimization of the homogeneity of the total volume and the localized volume ofthe brain , respectively. Strengths of the transmitter RF power, receiver gains , and 3 RF pulses for suppression of the water signal were also adjusted by the APS. The total time for the APS was 2 m i nutes and 3 seconds. The measured full -width -half -maximum (FWHM) of the H20 signal after shimming was usually 1 -3 Hz, which gave 98 -99 % of the suppression factor. Rates of the APS success for each region were noted. Image guided STEAM -spectra were obtained with TE of 30 msec , TR of 3.0sec , 48 AVG , and 2 NEX. Image guided PRESSspectra were obtained with TE of 135 -270 msec, TR of 3.0 sec , and 96 AVG. For both localization methods , SW=25000 Hz and SI =2K were used. The factor for SQUEEZE which controls the slice profiles , and the choice of RF pulses , and the factor for SHARP which controls timing of the p 비 se sequences , and RF and gradient pulse timing , were also adjusted according to TE values selected. The total acquisition time for a spectrum was 5 minutes and 2 seconds.
Postprocessing and Analysis of Spectral Data
Raw data acquired by PROBE were transferred to Fig. 5 . ' H MR spectrum 01 temporallope epilepsy. In the left side 01 the hippocampus as conpmared to the right side , the signilicant decrease in N-acetylacepartate (NAA) and increase in Choline (Cho) are observed , which suggests the epileptogenic locus be in the left hippocam pus. Itwas surgically conlirmed ling of 8K , Fourier Transformation , and zero order results. phasing of the transformed spectrum. Any resulting spectra which contain the features of inadequate signal -to -noise ratio (SNR) , outer volume contamination , distorted baselines , severe phase distortion due to the heavy eddy current, hardware artifacts , and/or inappropriate suppression of the water signal were regarded as unacceptable spectra (Fig. 3) . These spectra were not included for the data analysis. Percentages of obtaining the acceptable quality spectra for each region were estimated. Peak areas were measu red by Lorenzian -Guassian fitting of the resonance peaks. Relative ratios of the brain metabolites to creatine were calculated. AII data were expressed as mean :t SD. Data were tested for the 6 -group homogeneity by ANOVA Kruskal -wallis test and for the 2 -group homogeneity by Wilcoxon rank sum test. Pvalues less than 0.05 were considered significan t.
Reproducibi/ity and Quality Control Tests
Reproducibility of the spectral data was tested regularly in the institution to assure the quality of spectra. A phantom of 700 ml polyethylene bottle containing 25.7 mmoles , 17.5 mmoles, and 4.4 mmoles of N-acetylacepartate, creatine , and chol ine -chloride (Sigma Chemical Co., St. Louis , MO. , USA) , respectively , dissolved in water , and the occipital gray matter region in the brain of one volunteer were examined. Resolution and sensitivity of the phantom spectrum were estimated Degrees of the phase distortion due to the eddy current of the head coil were also estimated by acquiring transaxial image guided STEAM -spectra of a sphere phantom containiog acetone (CH3CH 20H) at the center (xO , yO) and the peri phery (x40, y40) of ttíe head coi 1.
RESUlTS
Representative 'H MR spectra of the 6 selected regions are shown in Fig. 1 . The relative ratios of the major brain meta bolites to creatine are tabulated in Table 1 . Variations in the spectral patterns of the 6 selected regions are well demonstrated. Regional variations were significant as tested by the ANOVA tests. Rates of the APS success and the percentages of obtaining the acceptable quality spectra were shown for each region in Table 2 . The parietal white matter , occipital grey matter , and basal ganglia regions were highly successful regions , whereas the frontal white matter and pons were difficult regions with PROB E.
Unacceptable quality spectra due to the heavy eddy current, distorted baseline , outervolume contamination , and inappropriate H20 suppression were shown in Fig. 2 . Examples of clinical'H MR spectra of chronic hepatic encephalopathy, brain tumor , temporallope epilepsy , were shown in Fig 3-5 , and their spectral patterns were consistent with the published DISCUSSION PROBE was simple to perform which took less than 10 minutes for acquisition of one spectrum from a single voxel accounting for l ' 36 " for acqu isition ofthe localizer images , 2' 03 " for adjustment of the acquisition parameters by APS , and 5 ' 02 까or acquisition of one spectrum. The temporal resolution obtained with PROBE (8 ' 41 'Î is a remarkable improvement over the conventional method which consumes more than 30 minutes for the manual adjustment of the acquisition parameters alone. The spectra of the occipital grey and the parietal white matter regions were consistent with the previous reports (1 -5) in their spectral petterns and qualities, and our results were also reproducible. Differences in the spectral patterns and the metabolite ratios of the selected reg ions were clearly demonstrated in Fig. 1 and Table 1 Desp ite its high practicability , unacceptable spectra are often acquired as shown in Fig. 2 , which can be devastating if repeating of the exam is not permitted due to a patient' s condition . Effects of the heavy eddy current can be minimized by a period 민 checking of the head coil with a sphere phantom followed by a proper adjustment of the instrum. ent if necessary , and a careful handling of admitting patients. Degrees of the zero order phase correction less than 15 and 30 degrees for the phantom spectra acqui red from the center and the periphery , respectively , of the head coil were the acceptable amounts of the phase corrections which seem to offer the acceptable quality spectra for the data analysis. With the PRESS localization method , outer volume contamination is often resulted , which is easily visible in the spectrum with small sections of noises near water and other metabolite signals (Fig. 2b) . It is due to an inaccurate profile of the 180 degree pulse used in the pulse sequence and inappropriate spoiler gradient strengths used for suppressions of the water signal and the metabolite signals outside of the voxel (16) . To avoid these effects in a simple way for the interpretation of the spectrum , it is best recommended to locate the voxel where the contamination does not alter the spectral result or to adjust the strength of the spoiler gradients. A periodic calibration of the transmitter/ receiver RF powers and a proper adjustment of the spoiler gradient strength can also minimize the distorted baseline and inappropriate suppression of the water s ignal problems.
Using the automated proton brain exam method which is well supported by a proper main tenance scheme of the MR instrument, 'H -MRS can now offer an improved clinical utility. However , its usage is still limited to regions of the brain which are effected low by the susceptibility effect. As shown in Table 1 , rates of the APS success and percentages of obtaining the acceptable quality spectra are low for those regions effected by the susceptibility effect such as for the frontal white matter and pons regions. For these regions , the APS performance needs to be improved by modifying the pulse sequence and/or the exam protocol (unpublished results in this institution).
In conclusion , PROBE is a practical as well as a reliable method to produce the quality spectra for the 6 selected regions. PROBE can be used as a single spectroscopic exam or as an additional series to the routine brain MRI exam , which takes less than 10 minutes for acquisition of one spectrum . Although the spectral results are quite satisfactory, the rates of the APS success for every region of the brain still need to be improved. And , in order to obtain a good quality spectrum without an ambiguity for the data analysis , a good quality control scheme of the MR instrument is mandatory. 
